Abstract: Urinary Excretion of TTCA after Intake of brassica Vegetables: Yuriko KIKUCHI, et al.
Since van Doorn et al. 1) found 2-thiothiazolidine-4-carboxylic acid (TTCA) in the urine (TTCA-U) of a subject who had been exposed to carbon disulfide (CS 2 ), TTCA-U has been the most widely used biological indicator of exposure to CS 2 . It has long been considered that TTCA is not detected in the urine of individuals who have not been exposed to CS 2 , captan, dithiocarbamates or disulfiram 2, 3) . But Simon et al. 4) first reported that the intake of brassica vegetables such as cabbage, broccoli and lettuce resulted in increased TTCA-U as high as 2 mg/l. Kivistö 5) confirmed that TTCA was excreted in the urine of subjects after the intake of stewed cabbage, minced meat casserole, Chinese cabbage, or sauerkraut juice. He also measured TTCA in cabbage, cauliflower, broccoli, kohlrabi, Swedish turnip, radish, onion, etc., and showed that the TTCA concentration in the vegetables ranged from 0.6 to 5.0 mg/kg wet weight. TTCA was not found in peas, onions, tomatoes, or potatoes. In the present study, 10 healthy volunteers ate 100 g of chopped raw cabbage. Subsequently, samples of their urine were collected over 24 h, and the time-course of TTCA-U was quantitatively assessed. The TTCA concentration in some brassica vegetables was also measured.
Subjects and Methods

1) Subjects
The subjects were 6 male and 4 female healthy nonsmoking volunteers, who had not been exposed to chemical agents that could be metabolized into TTCA. The average ages of the male and female subjects were 37.2 (range; 24-48) and 23.8 (23-25) yr, respectively. Informed consent was obtained from each participant after an explanation of the aims of this experiment and the study protocol.
2) Cabbage intake
All participants were requested to avoid intake of brassica vegetables for 24 h before the experiment and to record all foods and beverages taken during that time. Heads of cabbage were purchased from a farmer in Chiba prefecture, Japan. Various agrochemicals, such as Fosthiazate, Chlorothalonil, Isoxathion, Etofenprox, Dichlorvos and Methomyl, none of which is biotransformed into TTCA, had been used on these vegetables.
All participants ingested 100 g of chopped raw cabbage at breakfast on the day of the experiment, and additional brassica vegetables were banned for the 24-h experiment period. A registered dietician checked the dietary records before and after the 24 h of the experiment.
3) Urine collection
Urine samples were punctually collected just before breakfast and at 3, 6, 9, 12 and 24 h after the cabbage intake. Every urination in between was added to the above time periods. The time and volume of each urination were recorded, and ten ml of each urine sample was transferred to a plastic test tube with a screw cap (SPR-C-10, Asahi Techno Glass Co. Tokyo, Japan) and stored in a refrigerator at 20°C until analysis.
4) Measurement of Urinary TTCA
Preparation of the urine samples was carried out by a modified method of DFG 6) . One milliliter of urine was pipetted into a 10 ml glass tube with a screw stopper. Saturated sodium chloride solution (250 µl) and 50 µl of 5N hydrochloric acid were added to the tube. After the sample had been mixed for a few seconds, 3.5 ml of diethyl ether (Wako Pure Chemical Industries, Ltd. Osaka, Japan) was added and the contents of the tube were mixed again for 1 min. The mixture was subsequently centrifuged at 3000 rpm for 10 min. The ether layer (2.5 ml) was transferred to another glass tube, and the ether was evaporated with nitrogen gas in a warm water bath kept at a temperature below 35°C. The residue was dissolved in 1.0 ml methanol/water (1/1; v/v%) and mixed. One µl of the solution was subjected to highperformance liquid chromatography (HPLC), and TTCA-U was determined. The HPLC apparatus and the analytical conditions are listed in Table 1 . The detection limit was 0.1 mg/l.
Urinary creatinine was measured in order to adjust the dilution level of urine by the Jaffe method.
5) Measurment of TTCA in brassica vegetables
Heads of cabbage for the volunteer experiment were purchased from a farmer in Chiba prefecture, Japan. Japanese radish, Chinese cabbage, broccoli and chingentsuai were purchased at a local market. The brassica vegetables were chopped up and 100 g samples were prepared for TTCA analysis. The roots and leaves of radish and turnips were weighed separately. To measure the TTCA in raw vegetables, the samples were mashed with a blender (Waring Products, Hartford, Connecticut, USA), soaked in 500 ml distilled water, mixed, and stirred for 24 h. The mixture was adjusted to 700 ml with distilled water. To measure the TTCA in boiled vegetables, the samples were soaked in 300 ml distilled water then boiled for 10 min. After cooling, the boiled water was separated from the chopped pieces and the volume was adjusted to 300 ml. The boiled chopped samples were treated the same as the raw samples.
A portion of the mixture or solution was centrifuged at 3000 rpm for 20 min and the supernatant was filtered through a disk-filter (type 25A; GL Sciences, Inc., Tokyo, Japan). The filtrate was treated by the standard addition method, and the amount of TTCA was measured as described above.
6) Statistical analysis
Pearson's correlation coefficients were calculated for the excreted amount of TTCA in urine samples and various variables, such as age, total urine volume, BMI, creatinine Cr and the urinary TTCA concentration adjusted for Cr (mg/g Cr). The half excretion times were fitted to a quadratic equation. Correlation analysis was also carried out for half the excretion time and age. Statistical analysis was carried out with SPSS 10.0 J for Windows.
Results
Total urine volume and creatinine for study participants are shown in Table 2 . Urinary creatinine (Cr)-adjusted TTCA concentrations at 3, 6, 9, 12, and 24 h after ingestion of cabbage are also shown in Table 2 . Urinary TTCA of 9 participants decreased to below the detection limit when intake of brassica vegetables had been avoided for 24 h. After the ingestion of cabbage, total excretion of urinary TTCA ranged from 0.19 to 0.42 mg. The amount of TTCA in 100 g raw cabbage was 4.3 mg/kg on average. The total amount of TTCA in the urine was not correlated with age, urinary volume, BMI or total creatinine excretion. Urinary Cr-adjusted TTCA excretion at 3 and 6 h was closely correlated with the total 24 h TTCA cumulative amount adjusted by creatinine (r=0.904, p<0.01 and r=0.963, p<0.01, respectively). The highest urinary TTCA excretion per hour occurred at 3-6 h after ingestion of raw cabbage (Table 2) . TTCA concentrations adjusted for creatinine peaked at 3 h after the ingestion of cabbage in 8 participants. The urinary TTCA usually declined to below the detection limit in the log-linear pattern in females, and showed an irregular pattern in males in their 40s (Fig.  1) . The cumulative rate of TTCA excretion in urine after the ingestion of cabbage is shown in Fig. 2 . The cumulative excretion curve of TTCA shows a clear difference by age (Fig. 2) . We compared the half excretion time by age category (20s, 30s, and 40s). The half excretion time of males in their 40s (mean: 8.6 h) was longer than those of males in their 20s and 30s (4.8, 4.9 h). The half excretion time of TTCA was closely correlated with age (r=0.846, p=0.02). Table 3 shows the TTCA concentrations in the vegetables, including cabbage, Japanese radish, turnip (root and leaves), and broccoli. The TTCA concentrations in raw cabbage, radish (roots and leaves), and the roots Values: Mean (range). † : When the urinary TTCA concentrations were less than 0.1 mg/l, they were calculated as 0.05 for cumulative calculation. n.d.: below the detection limit.
of turnips ranged from 0.8 to 5.5 mg/kg (Table 3) . Boiled cabbage, turnips, and broccoli contained more TTCA than did raw vegtetables. No TTCA was detected in Chinese cabbage, leaves of turnips, chingentsuai, or raw broccoli.
Discussion
Reports that TTCA was excreted in human urine after intake of brassica vegetables prompted us to confirm the plausibility of TTCA as an appropriate biomarker for the assessment of exposure to CS 2 4, 5) . In the present study we observed changes in urinary TTCA excretion after ingestion of 100 g raw cabbage, based on the fact that brassica vegetables have been reported to be rich in TTCA. Excretion of urinary TTCA decreased to below the detection limit after avoidance of brassica vegetables for 24 h. The cumulative amount of urinary TTCA excretion for 24 h after digestion of cabbage showed no significant difference among participants. We did not compare TTCA excretion by sex or age, because the distribution of age in males and females was biased. Three male subjects in their 40s, however, were noted to excrete TTCA comparatively slowly (Fig. 2) . With regard to the male subject with the lowest TTCA concentration, it could be considered that excretion of TTCA in the urine continued after the 24 h observation period, or that absorption of TTCA from cabbage in the intestinal tract was disturbed. It is difficult to explain the cause of such a difference, particularly because the concentration of plasma TTCA was not measured. In Kivistö's study 5) , Chinese cabbage contained 0.8 mg/ kg of TTCA, but TTCA was not found in this vegetable in the present study. Although the number of most vegetables for the measurement of TTCA in this study was small, the presence of TTCA was confirmed. It may be necessary to measure more repetitively, because these chemical contents should differ by season and place of cultivation. Boiled vegetables contained several times more TTCA than did raw vegetables. Destruction of the cell wall by boiling may increase the extraction of TTCA, or boiling increased the formation of TTCA from some precursors inside the cell. We only examined the cooking effect by boiling, but unextracted TTCA could be absorbed after complete digestion with enzymes and/or degradation by intestinal bacteria. Isothiocyanates (R-N=C=S) are distributed widely in cruciferous vegetables [7] [8] [9] [10] . A cyclocondensation reaction of isothiocyanates occurs with 1, 2-benzenedithiol and other thionyl compounds, such as thiourea, CS 2 and disulfiram. Given that isothiocyanate may change to TTCA via intermediate dithiocarbamates 11, 12) , metabolism from sulfur compounds to TTCA in the body should be studied further. We showed that the concentration of TTCA in vegetables was changed by cooking (i.e. raw vs. boiled), so that the real rate of absorption of TTCA from cabbage remains obscure. Comparison between the total amount of TTCA excreted in 24 h and the creatinine-adjusted TTCA concentration showed a very close correlation (r=0.963, p<0.01). This finding means that spot urine samples could be used as a biomarker of CS 2 exposure. It is considered that TTCA in human urine is derived from brassica vegetables such as cabbage, broccoli, turnips and radish. Thus, if these vegetables are avoided one day before the measurement of urinary TTCA, the urinary TTCA level could be used as a reliable biomarker for the assessment of CS 2 exposure.
